Introduction {#S0001}
============

Lung cancer is the most common cancer worldwide and the leading cause of cancer death in men and women (18.4% of the total cancer deaths), accounting for an estimated 2,093,876 new cases (11.6% of the total cases) in 2015 alone.[@CIT0001] Following adenocarcinoma, lung squamous cell carcinoma is currently the second most common subtype of lung cancer.[@CIT0002] A great number of non-small cell lung cancer (NSCLC) patients were diagnosed after the malignancies had metastasized to lymph nodes. Meanwhile, the benefit of postoperative radiotherapy among patients at different N stages remains controversial. A previous meta-analysis suggested a detrimental effect of postoperative radiotherapy.[@CIT0003] However, this study was conducted about 3 decades ago, and the conclusion of which was felt to be related to the cardiac and pulmonary toxicity from the radiotherapy (RT) itself. In light of the significant advances in radiotherapy delivery over the last several decades, several studies have suggested that patients with N2 disease might benefit from postoperative radiotherapy.[@CIT0004],[@CIT0005] Relevant randomized controlled trials are still ongoing.[@CIT0006] To identify the patients with N2 NSCLC who might benefit from postoperative radiotherapy, several model for nodal assessment have been proposed to predict the survival outcome including overall survival (OS) and cancer-specific survival (CSS) of whom. These models have incorporated the number of positive lymph nodes,[@CIT0007] N stages, lymph node ratio and log odds of positive lymph node ratio (LODDS, calculated as log(number of positive lymph nodes+0.5)/(number of negative lymph nodes+0.5)).[@CIT0008] Lymph node ratio (LNR), defined as the ratio of the number of positive lymph nodes to the total number of resected nodes, has been reported to be an independent factor associated with the prognosis of NSCLC or lung adenocarcinoma alone,[@CIT0009]--[@CIT0013] but few studies have been published focusing on its prognostic value in lung squamous cell carcinoma, the second common subtype of NSCLC following lung adenocarcinoma. Therefore, we sought to identify the potential prognostic value of LNR in combination with several other demographic and clinicopathological factors in N2 lung squamous cell carcinoma resection patients. A nomogram and heat maps were established and validated in our study.

Methods {#S0002}
=======

Patients {#S0002-S2001}
--------

This study was approved by the Ethics Committee of Zhongshan Hospital, Fudan University, China (B2019--082). For the external validation cohort, the requirement for written informed consent was waived by the Ethics Committee for this retrospective study because of its retrospective nature. Patients included in this study were assigned to training cohorts and validation cohorts according to the source of data. The data of patients in training cohorts were retrieved from the Surveillance, Epidemiology, and End Results (SEER) public database. SEER data (Incidence---SEER 18 Regs Custom Data with additional treatment fields, Nov 2018 Sub, 1975---2016 varying) were obtained via SEER\*Stat software (version 8.4.5; [[http://seer. cancer.gov/seerstat/](http://seer. cancer.gov/seerstat/)]{.ul}). The diagnosis of lung cancer was defined by the ICD for Oncology, Version 3 (ICD-O-3), and histopathological types were defined using ICD-O-3 His/Behave, malignant. We primarily obtained and analyzed the data of lung squamous cell carcinoma (8052/3, 8070/3, 8071/3, 8072/3, 8073/3, 8074/3, 8083/3, 8084/3). Patients diagnosed with lung squamous cell carcinoma from 2004 to 2016 were included if they were N2M0 stage and had received documented lobectomy or pneumonectomy. We excluded patients whose key information including tumor size, surgery type and the total number of lymph nodes resected was vague and unreliable.

Patients who underwent lobectomy or pneumonectomy and systematic lymph node resection for lung squamous cell carcinoma between 2005 and 2015 in the Department of Thoracic Surgery, Zhongshan Hospital, Fudan University were primarily selected for the validation cohort. Patients with adenosquamous carcinoma, sub-lobar resection or with unknown/obscure follow-up times or vital status were excluded to minimize the effect of potential heterogeneity. Finally, 146 patients diagnosed as N2M0 disease were enrolled in our study. All pulmonary resections were performed by board-certified thoracic surgeons in Zhongshan Hospital, and resected tumors and lymph node specimens were all labeled in the operating theater and reviewed by two qualified pathologists to determine their differentiation grade. The grade, or the degree of differentiation, was determined by how closely the tumor cells resemble the parent tissue (organ of origin). Well-differentiated tumor cells closely resemble the tissue from the organ of origin. Moderately and Poorly differentiated tumor cells are disorganized and abnormal looking; they bear moderate or little resemblance to the tissue from the organ of origin. Undifferentiated tumor cells have no resemblance to the origin tissue. These similarities/differences are based on the combination of pattern (architecture), cytology and nuclear features. The pathological stages of the patients in both SEER database and our institution were updated according to the 8th edition of the American Joint Committee on Cancer criteria.[@CIT0014] Patients' postoperative data were collected annually by outpatient follow-up and phone call.

Demographic And Clinicopathological Information {#S0002-S2002}
-----------------------------------------------

Patients' demographic and clinicopathological information, including sex, age at diagnosis, year of surgery, perioperative chemotherapy and postoperative radiotherapy, type of surgery, pathological T stage, neoplastic grading of differentiation, tumor laterality, tumor size, total number of resected lymph nodes and pathologically confirmed positive lymph nodes, were retrieved from the SEER database for the training cohort and from the medical record system of Zhongshan Hospital for the validation cohort. OS was defined as the interval between the date of surgery and the last follow-up or the date of death from any cause. Cancer-specific survival (CSS) was calculated from the date of surgery to the time of death caused by the tumor. LNR was calculated as the ratio between the number of positive lymph nodes and the total number of harvested lymph nodes.

Statistical Analysis {#S0002-S2003}
--------------------

A description and comparison of the baseline characteristics of the patients from the training (SEER) and validation cohorts was conducted in which categorical variables were compared by the chi-square test and Fisher's exact test when appropriate. Age at diagnosis was divided into three groups: ≤60, 60\~70 and \>70. The LNR was dichotomized with the X-tile model based on the maximal chi-square value when a series of log rank tests were conducted.[@CIT0015],[@CIT0016] Kaplan-Meier survival curves and log rank tests were used to compare the OS and CSS between different groups of patients. Moreover, we performed univariable and multivariable Cox proportional hazards regression analysis in the training cohort to identify and assess the independent impact of potential prognostic factors on OS and CSS. The factors were selected for the multivariable Cox model through a forward stepwise method using the likelihood ratio test with the Akaike Information Criterion (AIC) as a stopping rule for the best model fit with smallest number of covariates. A nomogram was established based on the final multivariable Cox model, where the 1-, 3- and 5-year survival probabilities could be easily predicted by summing up the points assigned to each respective variable. An 1800 bootstrap resample was conducted in the training cohort for the internal validation of the model, while the validation cohort from Zhongshan hospital provided the external validation. Harrell's Concordance Index (C-index) was calculated to evaluate the discriminatory ability of the Cox model and nomogram,[@CIT0017] and calibration plots were generated by comparing the expected and observed 1-, 3- and 5-year survival probabilities. In addition, heat maps were created to visualize the distribution of LNR and the number of positive lymph nodes with the corresponding survival probabilities predicted from the Cox model and nomogram. The statistical tests were all two-sided and the results of all survival models are presented as hazard ratios (HR) with corresponding 95% confidence intervals (95% CI). All data analyses were performed with Stata (version 13.0, Stata Corp, College Station, TX, USA) and R (version 3.5.3; R Foundation for Statistical Computing, Vienna, Austria).

Results {#S0003}
=======

Patients Characteristics {#S0003-S2001}
------------------------

Demographic and clinicopathological characteristics of the population in the training cohort (n = 1778) and validation cohort (n = 146) are shown in [Table 1](#T0001){ref-type="table"}. The selection schema for patients in the SEER database is provided in [Figure 1](#F0001){ref-type="fig"}. The median patient age at diagnosis was 67 years (range 24\~89) in the training cohort and 60 years (range 23\~86) in the validation cohort. Positive nodal metastasis was found in all 1,924 patients from the two cohorts. The average number of resected lymph nodes was 14.0 (range 1\~88) in the training cohort and 20.3 (range 4\~44) in the validation group, whereas the median number of resected positive lymph nodes was 2 (range 1\~33) in the training cohort and 3 (range 1\~17) in the validation cohorts. Compared with the training cohort, the patients included in the validation group were less likely to receive adjuvant therapy (p\<0.001 for both chemotherapy and radiotherapy) and pneumonectomy (p=0.013). In addition, the T stage distribution was more advanced in the validation cohort (p\<0.001). No difference was observed in differentiation grade and laterality between the 2 cohorts (p=0.306 for grade and 0.052 for laterality).Table 1Demographic And Clinicopathological Characteristics Of The Patients In The Training Cohort And Validation CohortCharacteristicTraining Cohort (n=1778)Validation Cohort (n=146)P valueAge, year (mean±SD)66.41±9.5160.03±9.02\<0.0001 ≤6048381\<0.001 60\~7064649 \>7064916Gender Male1177135\<0.001 Female60111Laterality0.052 Left83056 Right94890Type of surgery0.013 Lobectomy1406128 Pneumonectomy37218Chemotherapy\<0.001 No59192 Yes118754Postoperative Radiotherapy\<0.001 No1211567 Yes11218T category\<0.001 T13298 T265167 T344848 T435023Grade0.306 Well differentiated222 Medium/poorly differentiated1637140 Undifferentiated201 Unknow993LNs resected\<0.001 \<1286729 ≥12911117[^2] Figure 1Selection of patients included in the study.

Cutoff Value For LNR And Survival Analysis {#S0003-S2002}
------------------------------------------

In the training group, patients had 1-, 3- and 5-year survival rates of 67.2%, 32.6% and 19.1%, respectively. In the validation group, patients had 1-, 3- and 5-year survival rates of 82.9%, 30.8% and 16.4%, respectively. The optimal cutoff value for LNR as a continuous variable was 0.42 in the training cohort as determined using X-tile software based on the maximal χ^2^ score for the log rank test. We next stratified the patients in both cohorts into two categories, LNR \>0.42 and LNR ≤0.42, to determine the prognostic value of LNR on OS and CSS. As shown in [Figure 2A](#F0002){ref-type="fig"}-[D](#F0002){ref-type="fig"}, patients with LNR \>0.42 had significantly worse OS and CSS than patients with LNR ≤0.42 in both training and validation cohorts (log-rank P\<0.05).Figure 2Kaplan-Meier curves of overall survival (**A**) and cancer specific survival (**C**) stratified by lymph node ratio (LNR) in the training cohort; overall survival (**B**) and cancer specific survival (**D**) stratified by LNR in the validation cohort.

Next, we performed several subgroup analyses on the recipients of postoperative radiotherapy in the high and low LNR groups; however, radiotherapy was not an independent prognostic factor in the whole population and was removed in the stepwise selection. As shown in [Figure 3B](#F0003){ref-type="fig"}, in the training cohort, recipients of postoperative radiotherapy had a better prognosis among patients with LNR \>0.42, whereas no significant difference was observed in the survival curves between the two subgroups in the low LNR group ([Figure 3A](#F0003){ref-type="fig"}). However, in the validation cohorts, because of the limited sample size, we did not analyze the association between postoperative radiotherapy and overall survival with the Kaplan-Meier method.Figure 3Overall survival according to the recipient of postoperative radiotherapy in patients with lower (≤0.42, **A**) and higher (\>0.42, **B**) LNR.

Cox Regression Models And Survival-Associated Factors {#S0003-S2003}
-----------------------------------------------------

We performed univariable and multivariable analysis to assess the prognostic value of a series of clinical and pathological factors in the training cohort, and the results of the Cox proportional hazards regression model are shown in [Table 2](#T0002){ref-type="table"}. For OS, univariable analysis showed that age, sex, type of surgery, T stage, postoperative radiotherapy, laterality, chemotherapy and LNR were significant prognostic factors. In multivariable analysis, all of the above factors except for radiotherapy remained independently associated with OS. As for CSS, only laterality, type of surgery, chemotherapy, T stage and LNR showed a significant difference.Table 2Univariate And Multivariate Analysis Of Prognostic Factors Potentially Correlated With OS And CSS Of Patients With Resected N2 Stage Lung Squamous Cell Carcinoma In The Training CohortVariableOSpCSSpUnivariableMultivariableUnivariableMultivariablepHR (95% CI)pHR (95% CI)Age ≤60-------- 60\~700.0351.17(1.01\~1.36)0.0390.1701.15(0.96\~1.38)0.135 \>70\<0.0011.55(1.33\~1.81)\<0.0010.0441.23(1.01\~1.49)0.043Gender (female vs male)0.0030.86(0.76\~0.98)0.0200.042Laterality (right vs left)0.0231.21(1.08\~1.36)0.0010.0341.27(1.09\~1.47)0.002Surgery (pneumonectomy vs lobectomy)0.0251.26(1.09\~1.46)0.0020.0011.35(1.12\~1.61)0.001Chemotherapy (yes vs no)\<0.0010.57(0.51\~0.64)\<0.001\<0.0010.64(0.55\~0.75)\<0.001Postoperative radiotherapy (yes vs no)0.0460.21T category T1------------ T20.0121.27(1.08\~1.51)0.004\<0.0011.56(1.23\~1.96)\<0.001 T3\<0.0011.50(1.25\~1.80)\<0.001\<0.0011.91(1.49\~2.48)\<0.001 T4\<0.0011.52(1.26\~1.83)\<0.001\<0.0011.92(1.49\~2.48)\<0.001Grade Well differentiated---- Medium/poorly differentiated0.5870.914 Anaplastic0.3950.491 Unknow0.9580.561LNs resected (≥12 vs \<12)0.1130.681LNR (\>0.42 vs ≤0.42)\<0.0011.41(1.24\~1.61)\<0.001\<0.0011.49(1.26\~1.76)\<0.001[^3]

Construction, Calibration And Validation Of The Nomogram {#S0003-S2004}
--------------------------------------------------------

A nomogram incorporating prognostic factors remaining after forward stepwise selection in the training cohort was constructed on the basis of the Cox proportional hazards regression model described above. As shown in [Figure 4](#F0004){ref-type="fig"}, the nomogram illustrated how chemotherapy made the largest contribution to overall survival, followed in descending order by age, T stage, LNR, type of surgery, laterality and sex. Each category of these variables was assigned a score on the points scale. By calculating the total score of one patient and locating it on the total points scale, a line drawn straight down to the 1-, 3- and 5-year overall survival probability scales enabled us to easily determine the survival probabilities for each survival duration. Moreover, we applied this nomogram to the training cohort and validation cohort for internal and external validations. As depicted in [Figure 5A](#F0005){ref-type="fig"}-[F](#F0005){ref-type="fig"}, the calibration plots showed great agreement between the nomogram-predicted and actual survival probabilities in the training and validation cohorts, respectively, although the nomogram for these predictions is not provided here. We also calculated Harrell's Concordance index (C-index) to assess the discriminatory power of the nomogram. In the training cohort, the C-index was significantly higher than the index for the model based on T stage (0.64, 95% CI=0.63\~0.66 vs 0.54, 95% CI=0.53\~0.56). In the validation cohorts, Harrell's C-index was also significantly higher than the index for the T stage-based model (0.67, 95% CI=0.61\~0.73 vs 0.54, 95% CI=0.48\~0.60). A similar result was obtained for CSS.Figure 4Nomogram for patients with resected N2 stage lung squamous carcinoma derived from the training cohort. After summing up the total score and locating it on the Total Points scale, a line drawn straight down to the 1-, 3-, 5-year Survival scale shows the survival probability at each time points.Figure 5Calibration curves for 1-, 3-, 5-year survival probabilities in the training cohort (**A**, **B**, **C**) and in the external validation cohort (**D**, **E**, **F**). Nomogram-predicted survival is plotted on the x axis and observed survival on the y axis. The vertical bars at the top represent the frequency of the predicted probability of survival. A plot along the 45-degree gray line indicates a perfect calibration model where the predicted probabilities are identical to the actual proportions.

Heat Maps Based On The Nomogram {#S0003-S2005}
-------------------------------

To visualize the variation trend of nomogram-predicted survival possibilities as the LNR changed continuously, we created a series of heat maps to demonstrate the association of the combination of LNR (as a continuous variable) and the number of positive lymph nodes with the predicted 1-, 3- and 5-year survival possibilities based on the Cox model and nomogram in the training cohort. Red regions indicate relatively better overall survival and cancer-specific survival possibilities, while the regions in blue designated worse survival. As shown in [Figure 6A](#F0006){ref-type="fig"}-[F](#F0006){ref-type="fig"}, the proportion of red declines and the blue region grows with the increase of LNR and the number of positive lymph nodes.Figure 6Heatmaps of the number of positive lymph node (x axis) and lymph node ratio (y axis) corresponding to 1-, 3-, 5-year overall survival probabilities (**A**, **B**, **C**) and cancer specific survival (**D**, **E**, **F**).

Discussion {#S0004}
==========

In this large population-based study, we developed a prognostic model with corresponding nomogram and heat maps to estimate OS and CSS for patients with resected N2 stage lung squamous cell carcinoma. We also demonstrated the superiority of the model over the model based on T stages only, as highlighted by the significantly higher Harrell's C-index and the agreement between nomogram-predicted and actual survival in the calibration plots.

For years, the involvement of regional lymph nodes in malignancies has been considered as one of the most important prognostic factors. In addition to conventional N stage, new single identifiable parameters incorporating other information pertaining to these regional lymph nodes such as the exact number of positive and negative lymph nodes, or the total number of lymph nodes removed, have become the focus in recent years. Compared with only N stages or the number of positive metastatic lymph nodes, LNR helped to adjust the confounding effects of the total number of resected lymph nodes during operation when measuring the spread of malignancies. The ratio remains stable if both the number of positive lymph nodes and total nodes increase. Therefore, LNR is well-known for its ability to predict survival, as suggested in studies on papillary thyroid,[@CIT0018] breast,[@CIT0019] gallbladder[@CIT0020] and Merkel cell carcinoma.[@CIT0021] Deng et al developed a simple clinical prognostic scoring model incorporating LNR with a cutoff point of 0.31 to predict the survival of patients with resected N2 NSCLC and postoperative radiotherapy; the training set of 2329 patients and the validation set of 183 patients both suggest the robustness and feasibility of the prognostic value of LNR.[@CIT0009] A similar prognostic model, integrating smoking status, surgery type, chemotherapy, TNM stage, LNR and LODDS, was published by Zhao et al for patients with lung adenocarcinoma.[@CIT0008] However, few reports have explored the prognostic value of LNR in patients with N2 stage lung squamous cell carcinoma, and no easy-to-apply prognostic tools like nomograms or heat maps have been published to help estimate the survival of these patients and guide the therapeutic regime. In the current study, we found that the patients with an LNR \>0.42 were more likely to have poor survival, which requires close follow-up while taking other clinicopathological factors into consideration. The optimal LNR cutoff point of 0.42, identified by X-tile, was similar to the results suggested by previous studies, which ranged from 0.31 to 0.5. [@CIT0008],[@CIT0009],[@CIT0022],[@CIT0023]

However, several drawbacks of LNR still exist. Wang et al proposed an interesting question: Does patient A with 4 positive lymph nodes out of 4 lymph nodes harvested have the same prognosis as patient B with 20 positive lymph nodes out of 20 lymph nodes harvested? Intuitively, patient A has a better prognosis than patient B, but the LNR here fails to provide a good answer since the LNR for both patients is equal to 1.[@CIT0024] On the other hand, LODDS \[calculated as log(number of positive lymph nodes+0.5)/(number of negative lymph nodes+0.5)\] could overcome this difficulty and make the distinct between the same LNR (LODDS = 0.95 for patient 1, 1.61 for patient 2, and LNR = 1 for both of them), by taking the exact number of negative lymph nodes into consideration and adjusting the ratio by adding 0.5 in both numerator and denominator. Nevertheless, the study by Zhao et al showed that LNR and LODDS had almost the same ability to predict survival for lung adenocarcinoma according to the AIC and Harrell's C index.[@CIT0008] Both LNR and LODDS cannot perfectly predict the survival for NSCLC patients since there still is not a consensus on how many lymph nodes to resect would it be enough. Many studies have focused on this topic and it still needs further proving.[@CIT0025],[@CIT0026]

As shown in the nomogram, we found that older age, males, pneumonectomy, tumor on the right side, no recipient of chemotherapy, more advanced T stage and higher LNR were independently associated with poor survival in patients with resected N2 stage lung squamous cell carcinoma. These findings are mostly consistent with previous literature.[@CIT0008],[@CIT0027] Furthermore, we found no significant associations between survival and grade, postoperative radiotherapy or total number of surgical resected lymph nodes in the whole training cohort. Overall, the contribution of chemotherapy to postoperative survival was the greatest, and our subgroup analysis showed that chemotherapy was significantly associated with better OS in both the high and low LNR group (data not shown). This is in agreement with the Clinical Practice Guideline given by the National Comprehensive Cancer Network, in which adjuvant chemotherapy is regularly recommended for N2 stage NSCLC.[@CIT0028] Notably, the choice of lobectomy or pneumonectomy also impacts prognosis significantly. The correlation between surgery type and survival has remained controversial in patients with NSCLC. However, several studies suggest that sleeve lobectomy offers low morbidity and mortality and better long-term survival for NSCLC patients, as lobectomy preserves much more pulmonary tissue than pneumonectomy.[@CIT0029],[@CIT0030]

As the indications for perioperative therapy based on TNM stage stratifications are still controversial, further exploration beyond this system is still warranted. Therefore, we did subgroup analysis and found that patients with LNR \>0.42 would benefit more from postoperative adjuvant therapy in comparison with those with lower LNR. Possible explanations may involve two aspects: on the one hand, the risk of locoregional recurrence may be higher in those with a high LNR and may define a group in whom the benefit of postoperative radiotherapy outweighs the toxicity; on the other hand, the LNR might serve as a marker of the body's immune system and tumor-host interaction, resulting in the value of LNR as a predictor of radiotherapy benefit.[@CIT0013],[@CIT0031] We might consider more aggressive and precise radiotherapy in patients with a higher LNR as a new indicator for tailoring treatment.

The major strength of this study is that the heat maps enabled us to identify the correlation between the model-predicted survival rates and the combination of LNR and positive lymph nodes. The varying trend of 1-, 3- and 5-year survival probabilities could be easily visualized by the segregation of blue blocks when LNR and the number of metastatic lymph nodes increase separately or together. To our knowledge, this is the first study to combine the nomogram and heat maps to quantitively investigate the prognostic value of LNR and other coefficients.

The major limitation of this study is its retrospective nature. Moreover, as a single-center study, our study failed to validate the model in a larger cohort, limiting the representativeness and generalizability of our nomogram. In addition, several demographic and clinicopathological characters were not strictly balanced in the training and validation cohorts. Furthermore, our model was limited by failure to incorporate some of the more recognized prognostic factors such as neoadjuvant chemotherapy and complications like diabetes or hypertension which are not contained in the SEER database. Further efforts on the collection and incorporation of more relevant variables are needed to improve this prognostic model.

We are confident that our population-based model integrating the LNR will help predict the survival outcomes and facilitate clinical counseling for patients with resected N2 stage lung squamous cell carcinoma.

Conclusions {#S0005}
===========

Our study demonstrated that lower LNR was associated with improved OS and CSS for patients with resected N2 stage lung squamous cell carcinoma, and the combined use of the nomogram and heat maps integrating LNR as a prognostic factor facilitates more precise estimates by clinicians of patient survival. Further prospective research in this area is needed to validate our findings.
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